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Abstract 
The traditional approach for modeling transport-related choices in Denmark refers to individual decision 
makers. However, in daily activities and travel choices individuals function according to the commitments 
as family members, and thus their choices derive from the welfare needs of other family members. A 
family-based approach enables to capture intra-household interactions and the priorities of household 
members in scheduling their daily activities, thus adding to the realism and the predictive strength of 
transport models. Joint activities and travel occur in order to maximize efficiency and family quality time, 
within a daily schedule. The current study unveils the joint activity and travel patterns of household 
members in the Copenhagen area, as part of the ACTUM research project, funded by the Danish Strategic 
Research Council, for the development of a new generation of activity-based models in Denmark. 
 
 
1 Introduction 
 
Forecasting the demand on the road network by using the sequential four-step approach for transport 
planning (See McNally, 2007 for a detailed overview) focuses mainly on commuting during the morning and 
afternoon peak-hours.  Because the traditional approach is based on origin-destination matrices by mode 
and by purpose, with emphasis on utilitarian purposes (e.g., work, education, shopping, errands), the basic 
data requirements include adult individual travel patterns.  However, in case that a person also has a family 
dinner early in the evening, which constrains their time frame, they may instead choose to chain the work 
and the shopping activities (i.e.,  home-work-shopping-home) and shop near their home or workplace. This 
issue has been recognized already in the 1970’s, but it was not until the 1990’s that activity-based models 
and tour-based models were implemented instead of the traditional approach. Nowadays, there is a 
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worldwide transition towards tour-based and activity-based models. Activity-based models were recently 
implemented in the United States for example in Sacramento (Bradley et al., 2009), Toronto (Roorda et al., 
2008), New York (Vovsha et al., 2002), Dallas (Pinjari et al., 2008). A review of the progress in activity-based 
models in the United States since the 1990’s is provided by Vovsha et al. (2004), and a review of the 
application of activity-based models various cities in the United states and Canada, and their relative 
strengths compared with the four-step models is provided by Vovsha and Bradley (2006). In Europe 
activity-based models have been implemented for example in Stockholm (Algers et al., 2001), The 
Netherlands (Arentze and Timmermans, 2000), and is currently being implemented in London (Sivakumar 
et al., 2010). 
An important disadvantage of the traditional approach is that an individual’s demand for travel derives 
from the daily activity pattern subject to spatiotemporal constraints and (intra-household) interactions. For 
example, in case that the activity pattern of a person comprises of work and shopping activities, the two 
activities can be conducted in two separate home-based trips. However, in case that a person also has a 
family dinner early in the evening, which constrains their time frame, they may instead choose to chain the 
work and the shopping activities to save the travel time. A review of the literature, shows that there are 
three main research streams: (i) time and budget allocation, (ii) task allocation, and (iii) joint travel and 
activity participation. The first research stream, namely time and budget allocation, concerns mainly the 
representation of activity duration, travel times and trip frequency (Golob and McNally, 1997; Fujii et al., 
1999; Golob, 2000; Zhang et al., 2005; Zhang and Fujiwara, 2006; Kato and Matsumoto, 2009; Mosa et al., 
2009; Kang and Scott, 2011) but also for modeling personal expenditure of activities and travel (Kato and 
Matsumoto, 2009). The second research stream, namely discrete choice models for task allocation, includes 
the studies of Vovsha et al. (2004a,b), and Bradley and Vovsha (2005). The former models are embedded in 
the Mid-Ohio Regional Planning Commission (MORPC) tour-based model and the latter model is embedded 
in the activity-based model for Atlanta region. The third research stream, namely decisions related to joint 
travel and activity participation, consists of joint versus independent in-home and out-of-home activity 
patterns, mainly for leisure and maintenance (Scott and Kanaroglou, 2002; Gliebe and Koppelman, 2002; 
Gliebe and Koppelman, 2005; Přibyl and Goulias, 2005; Srinivasan and Bhat, 2006), joint versus 
independent travel (Chandrasekharan and Goulias, 1999), the decision to pre-plan joint activities or to 
engage in such activities impulsively (Kang et al., 2009), tour type, number of tours, and party composition 
(Vovsha et al., 2003), and parental escorting (Yarlagadda and  Srinivasan, 2008). The results of the 
aforementioned studies establish the importance of intra-household interactions for activity-based models.  
The current tour-based transport models in Denmark, namely the traffic model for the Øresund region 
(OTM) (Vuk et al., 2007) and the Danish National Transport Model (NTM) do not account for intra-
household interactions. To address this issue, the Copenhagen Model for Passenger Activity Scheduling 
(COMPAS), is currently under development within the framework of the Analysis of Activity-Based Travel 
Chains and Sustainable Mobility (ACTUM) project, funded by the Danish Strategic Research Council. The 
projects aim at developing an activity-based model as part of the need for developing a comprehensive 
strategy for infrastructure development in the Greater Copenhagen Metropolitan Region.  
Both the traffic model for the Øresund region and the Danish National model use individual travel 
patterns as input data for the model estimation. Accordingly, the Danish national travel survey, 
Transportvane Undersøgelsen (TU), focuses on collecting travel information from one household member 
per household. While the survey has the advantage of high response rate, it neglects intra-household 
interactions. Instead, the data collected within the ACTUM projects focused on entire household units, 
collecting travel information for all the members of the household and with particular focus on the 
interrelation between household members, such as joint activities and trips. An important motivation 
behind the ACTUM household-based survey is to ensure the necessary data input for developing the new 
activity-based model for Copenhagen, the COMPAS model. 
This study unveils the joint activity and travel patterns of household members in the Copenhagen area 
by analysing the ACTUM household based survey. The survey was analysed in-depth with the aim of 
understanding the role of escort activities in individual travel, and the households’ joint activities and joint 
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travel patterns at a household level. In particular, the household coordination and constraints were 
considered as important, i.e. a mother escorting a child to school imposes time and spatial constraints on 
the mother, but this action also requires coordination with the father regarding the allocation of the car at 
the household level. Another important aspect is the concept of “primary family priority time”, in which the 
entire household agrees on a daily level to spend time together in the household and engage in shared 
activities such as a family dinner. The activity and travel patterns are analysed both with respect to the 
household characteristics and with respect to the activity purpose (i.e., mandatory and non-mandatory), 
and the characteristics of the tour or the trip.   
The paper proceeds as follows. Section 2 describes the data collection process and the sample 
socioeconomic characteristics. Section 3 provides an in-depth analysis of the activity and travel patterns at 
the individual level and at the household level. Section 4 gives an overview of the expected model structure 
in the ACTUM project, and section 5 offers concluding remarks. 
 
2 Data collection and sample characteristics 
2.1 Data collection 
 
The analysis of the activity and travel patterns of household members is based on data from the ACTUM 
survey. The ACTUM survey focused on collecting information from 24-hours travel-activity diaries, collected 
by means of a web-based survey. The ACTUM survey is similar to the existing Danish national travel survey 
(TU), and consists of both family-based and person-based interviews. Nevertheless, the ACTUM survey 
significantly differs from the TU-survey in two important aspects.  Firstly, the TU-survey collects information 
from a single person in the household, while the ACTUM survey focuses on collecting information from all 
household members, including children. Specifically, household members older than 15 years old have 
completed the survey on their own, while for the children younger than 10 years the survey was completed 
by an adult. Children between 10-15 years of age could choose between completing the interview on their 
own or with an assistance of an adult. The travel diaries are completed by all household members 
simultaneously on the same travel day. Therefore, ACTUM survey main advantage is that it allows depicting 
a holistic picture of the travel and activity patterns of the household as a full unit. Secondly, for each 
activity or travel episode, each household member was requested to specify whether it was conducted 
alone or jointly with other household members, and in the case that it was conducted jointly, with whom it 
was conducted. The identification of joint activity and trip participation of household members allows the 
easy identification of joint trips and activities. Figure 1 presents the survey structure. 
 
 
 
Figure 1: data collection process 
 
 The households included in the survey were sampled from the Greater Copenhagen Area, mostly in the 
municipalities of Copenhagen and Frederiksberg, but also in the other 35 municipalities in the Greater 
Copenhagen Area. The sampling procedure accounted for family structure, age and geography. The data 
were collected from March to September 2011. The interviews cover an entire 24-hour day, ranging from 3 
A.M. until the same time the following day. Table 1 and table 2 shows the sample structure versus the 
initially proposed sample with respect to households and individuals within the households, respectively. 
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The proposed sample was defined as the minimum necessary for capturing intra-household interactions 
among HH-members in the various typical household types. The obtained sample size surpassed the initially 
proposed sample size.   
 
Table 1: Reproduction of household demographics in target population by the data sample 
    Adults Number of children Total 
      0 1 2 2+   
    0   1     1 
Adults 
18-29 year 1 55 (50) 
85 (50) 
 
63 (50) 
 
309 (250) 
 
30-65 year 1 58 (50) 
65+ year 1 48 (50) 
18-29 year >1 40 (50) 
151 (100) 
 
210 (200) 
 
51 (50) 
 
593 (500) 
 
30-65 year >1 86 (50) 
65+ year >1 55 (50) 
Total 342 (300) 237 (150) 273 (250) 51 (50) 903 (750) 
Note: The minimum proposed sample size indicated in parentheses. 
 
Table 2: Reproduction of Individual demographics in target population by the data sample  
    Adults Number of children Total 
      0 1 2 2+   
    0   1     1 
Adults 
18-29 year 1 55 (50) 
170 (100) 
 
192 (150) 
 
523 (400) 
 
30-65 year 1 58 (50) 
65+ year 1 48 (50) 
18-29 year >1 81 (100) 
462 (300) 
 
846 (800) 
 
260 (250) 
 
1943 (1650) 
 
30-65 year >1 184 (100) 
65+ year >1 110 (100) 
Total 536 (450) 633 (400) 1038 (950) 260 (250) 2467 (2050) 
Note: The minimum proposed sample size indicated in parentheses.  
 
2.2 Sample characteristics 
This section presents the socioeconomic characteristics of the households and the adults comprising the 
sample.  
 
2.2.1 Household socioeconomic characteristics 
The home ownership, household income, household size, and car ownership are presented in figure 2. The 
average household size is 2.83 persons per household. 48.9% of the sample consists of families with two 
adults and children, while 12.2% involve a single adult and children under the age of 18. This means that 
approximately half of the sample households are prototypical families, which is promising in terms of 
capturing intra-household interactions. A small share of the households (4.2%) consists of more than two 
adults, possibly grown-up children.  
55.7% are homeowners, which is similar to the home ownership in the TU-survey data in the 
Copenhagen area (56.9%). As expected, a large percentage of small households prefer rented dwelling 
units, while large households prefer large owner occupied houses. The share of cooperative dwelling also 
decreases as the household size increases. Almost all the households (99.2%) have a high-speed internet 
connection with a flat or employer-paid rate, which allows to work from home or to shop and conduct 
errands through the Internet. The high-speed internet connection is in-line with the rate of internet 
connection in Denmark (Danmarks Statistik, 2011). The figures below show some overall statistics of the 
data sample: 
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a. Home ownership  b. Household gross income in thousand DKK 
  
c. Household size (number of persons) d. Car ownership 
Figure 2: Household socioeconomic characteristics 
 
In terms of mobility resources, in 92.7% of the households there is at least one person with a driver 
license, and 74.1% of the households have at least one car. The car ownership is similar to the car 
ownership in the Greater Copenhagen Area found in the TU survey data (75.5%). Car ownership in the 
sample is related to household size as presented in table 3.  As expected, car availability and the number of 
cars dramatically increase with the increase of household size and the presence of children in the 
household. Regarding parking space, 29.9% stated that they have a reserved parking space on their 
property, 17.1% said that they have a regular or reserved parking space for residence, and 33.8% 
mentioned that they always or normally find an available free on-street parking place.  
 
Table 3: Household car ownership by household size (percent) 
 1 2 3 4 5 
No available car 58.6 30.4 19.6 9.1 9.4 
One car 41.4 60.7 61.7 61.8 62.5 
Two cars of more 0.0 8.9 17.7 28.3 28.1 
Unknown 0.0 0.0 1.0 0.8 0.0 
Total 100.0 100.0 100.0 100.0 100.0 
 
Car ownership in the sample is related also to income as presented in table 4. As expected, the share 
of households owning a car, as well as the number of cars per household, increases with the increase in the 
household income. In particular, there is a sharp decrease in the households without cars around the 
average income (300-399 thousands DKK), and there is a sharp increase in the ownership of two vehicles 
for households earning more than 500 thousands DKK.    
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Table 4: Household car ownership by household income (percent) 
 None One Two or more Unknown Total 
0-99 67.5 22.5 10.0 0.0 100.0 
100-199 62.5 33.9 3.6 0.0 100.0 
200-299 52.9 41.4 5.7 0.0 100.0 
300-399 38.7 56.3 4.2 0.8 100.0 
400-499 29.4 70.6 0.0 0.0 100.0 
500-599 17.7 62.0 19.0 1.3 100.0 
600-699 13.9 67.3 18.8 0.0 100.0 
700-799 14.1 71.8 12.8 1.3 100.0 
800-899 7.7 66.2 26.2 0.0 100.0 
900-999 4.7 59.4 34.4 1.6 100.0 
>999 4.9 59.0 36.1 0.0 100.0 
Unknown 29.2 54.2 16.7 0.0 100.0 
 
2.2.2 Individual socioeconomic characteristics for the adult respondents 
 
There are 49.0% male respondents, and 61.8% of the respondents are adults over 17 years of age. Of the 
adults, 15% are in their twenties, 16.8% are in their thirties and 32.5% are in their forties. 13.5% of the 
sample consists of elderly over 60 years of age. 74.7% of the adults in the sample are involved in a 
relationship. In terms of education, more than two-thirds of the adult respondents (67.4%) have post-
secondary higher education, while 29.1% of the respondents have secondary education, and only 3.5% 
have compulsory primary education.  
The employment status, income, working hours and working hour flexibility is presented in Figure 3. 
The majority of the respondents work between 30-40 hours (74.6%), although a significant share of 19.9% 
has longer working hours. 49.8% of the respondents work fixed hours and there seems to be no specific 
dominant arrangement in terms of work-time flexibility.  
  
 a. Employment status  b. Personal income in thousand DKK 
  
 c. Number of weekly working hours  d. Work-hour flexibility 
Figure 3: Individual socioeconomic characteristics 
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3 Activities and travel patterns 
 
The following sections focus on the daily activity and travel patterns on the day (24-hours) of the survey. 
The activity patterns are defined by the sequence of activities conducted throughout the day including out-
of-home and in-home activities.  
3.1 Individual activities and travel patterns 
3.1.1 Person daily activity pattern 
90.0% of the respondents start their daily activity pattern from home, another 5.0% start their activity 
pattern by working at home, and 1.4% start their daily activity pattern from the home of family and friends. 
The activity patterns were analysed separately for children under 18 years old and adults. The activity 
patterns differ in terms of the number of tours (a tour starts and ends at home), the number and type of 
activities in each tour and their order of performance. Most of the activity patterns were simple activity 
patterns involving a home-based trip for a main purpose, for example home-work-home, although the data 
included also complex activity patterns with numerous activities and multiple tours, for example home-
work-home-leisure-home. The data were analysed to understand how many different activity patterns are 
shared across individuals in the dataset. Overall, there are 547 different activity patterns of adults and 200 
different activity patterns of children across survey respondents indicating that only a small proportion of 
the individuals share the same activity pattern as explained below.  
The share of adults who participate in out-of-home and in-home daily activities on the day of the 
survey, and the number of activities is provided in figure 4. The average number of daily out-of-home 
activities is 2.10 and the average number of in-home activities (including work at home, morning and 
evening) is 2.23. The most common activity patterns include work out-of-home as a sole activity (13.4%), 
work out-of-home and escort activities (7.9%), stay home without working at home (7.0%), leisure as a sole 
activity (6.2%), work out-of-home and personal activities (5.5%), work and leisure (4.9%), personal errands 
as a sole activity (4.9%), and a combination of working and working at home (4.6%).  
 
  
a. Number of daily activities  b. Number of different daily activity types 
Figure 4: Number of activities and activity types for adults 
 
Regarding children's activity patterns, 7.1% of the children stayed home the whole day of the survey. 
44.2% of the children have a simple activity pattern comprising a single daily activity type, of which the 
most prominent are going to school (19.3%), going to a day care centre (17.6%), and leisure (3.8%). For the 
children who have two or more daily activity types, the most common combinations are education and 
leisure (10.7%), education, leisure and work/study at home (7.5%), education, personal activities and 
leisure (5.7%), education and personal activities (5.7%), education and escort activities (5.0%), education, 
day care and leisure (4.4%), education and work at home (4.4%) and escort and day care (4.4%).  
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Regarding “primary family priority time”, 75% of the respondents are at home between 19:00-24:00, 
which allows them to engage in “family priority time” in the evening.  
3.2 Person daily tour analysis 
 
A tour is defined as a trip-chain starting and ending at home in accordance with the Danish TU-data 
structure. 53.7% of the survey population have only one daily tour. The prevalence of various tour 
structures for home-based tours with respect to the main activities (defined as work, education, the only 
out-of-home activity, or the longest activity) is provided in table 5. Duplicate activities of the same type 
were compressed, namely multiple secondary activities are grouped together. This tour type “Home-
secondary-main-home” may include several secondary or main activities. As expected, the prominent tour 
type is by far performing a single (main) activity, and the most rare tour structure is a complex structure, 
consisting of secondary activities both before and after the main activity.  
Table 6 describes the structure of the work tours that included escort activities (Chauffeuring) for the 
sub-sample of survey respondents who had only one daily journey. Most of the tours do not include escort 
tours, and as expected more escort tours are conducted on the way to school than from school, also 
because in Denmark school children usually go from school to the youth club or day care with an 
accompanying teacher, where later on the parents pick them up. 
 
Table 5: The distribution of tour structures in the whole survey population 
Tour structure Percent of respondents 
Home-secondary-main-home 12.0 
Home-secondary-main-secondary-home 5.3 
Home-main-home 68.4 
Home-main-secondary-home 14.3 
Total 100.0 
 
Table 6: The distribution of tour structures for respondents who had only one daily tour 
Tour structure  Percent of respondents 
Home-escort-work-home 12.2 
Home-escort-work-escort-home 8.3 
Home-work-home 71.9 
Home-work-escort-home 7.5 
Total 100.0 
 
Differences in the general structure of the daily tour were investigated with respect to gender, 
education and employment status. The distribution of tour structure by gender and the inclusion of escort 
activities in the tour are detailed in Table 7. According to Chi-square test, the null hypothesis that there is 
no significant difference between the two groups cannot be rejected at the 0.05 significance level (χ2 
=2.07<3.85). 20.9% of the female tours and 19.8% of the male tours include escort activities. The main 
gender difference is that male respondents have a higher tendency to perform the escort prior to the main 
activity (e.g., escort on the way to work), and female respondents have a higher tendency to perform 
complex tours including escort both before and after the main activity (e.g., escort before and after work). 
According to Chi-square test, the null hypothesis that there is no significant difference between the two 
groups can be rejected at the 0.05 significance level (χ2 =5.67>3.85). 
 
Table 7: The distribution of tour structures in the survey population by gender for all the tours and escort tours 
Tour structure All tours Only tours including escort 
Female (%) Male (%) Female (%) Male (%) 
Home-secondary-main-home 11.4 12.7 19.9 28.5 
Home-secondary-main-secondary-home 6.0 4.6 22.4 15.7 
Home-main-home 66.4 70.5 39.1 39.1 
Home-main-secondary-home 16.2 12.3 18.6 16.7 
Total  100.0 100.0 100.0 100.0 
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The distribution of tour structure for all the tours and for tours including escort according to education 
level of the adult population is portrayed in table 8. Respondents with higher education have less single-
activity tours and more complex tours with secondary activities before and after the tours. Chi-square test 
results confirm that the null hypothesis - that there is no significant difference between the groups - can be 
rejected at the 0.05 significance level (χ2 =16.37>3.85). Respondents with higher education also conduct 
more escort tours than respondents with secondary education. In particular, the share of escort tours of 
respondents with higher education is 30.1% in comparison with 16.9% among respondents with secondary 
education. The main difference between the groups with respect to escort tours is that people with higher 
education have a much higher probability to perform the escort activity prior to the main activity, while 
people with higher education perform the escort activity both before and after the main activity. The 
difference between the groups is significant at the 0.05 significance level (χ2 =21.43>3.85).  
 
Table 8: The distribution of tour structures in the survey population by education for all the tours and escort tours 
Tour structure All tours Only tours including escort 
High-
education (%) 
Secondary 
education (%) 
High-education 
(%) 
Secondary 
education (%) 
Home-secondary-main-home 13.8 15.1 20.8 39.3 
Home-secondary-main-secondary-home 8.3 2.4 21.8 10.7 
Home-main-home 64.4 72.2 40.4 35.4 
Home-main-secondary-home 13.4 10.3 17.0 14.3 
Total  100.0 100.0 100.0 100.0 
 
The distribution of tour structure according to employment status for the adult population is 
portrayed in table 9. Employees and self-employed have a lower rate of simple single-activity tours, while 
housewives have the highest rate of such tours. Students, housewives and retired people rarely perform 
complex tours with secondary activities before and after the main activity. Self-employed people have a 
higher tendency than employees to conduct secondary activities prior to their main activities, while 
employees tend to conduct the secondary activities after the main activity. Possibly, this trend may be 
related to higher schedule flexibility in the morning for self-employed individuals.     
   
Table 9: The distribution of tour structures according to employment status 
 Home-
secondary-
Main-Home 
Home-Secondary-
Main-Secondary-
Home 
Home-Main-
Home 
Home-Main-
Secondary-
Home 
Total 
Employees 14.2 8.4 63.0 14.4 100.0 
Self employed 21.1 9.2 60.5 9.2 100.0 
Student/apprentice 9.0 1.7 77.3 11.9 100.0 
Housewife 13.1 0.0 82.0 4.9 100.0 
Retired 14.9 0.6 76.4 8.0 100.0 
Social welfare 8.7 4.3 73.9 13.0 100.0 
Unemployed 14.1 4.7 71.9 9.4 100.0 
 
3.3 Person trip analysis 
 
Figure 5 presents the time for trip departures and arrivals, as well as the distribution of the trip length 
(without the activity duration at the destination). The two peak periods are clearly represented in the 
figure, as about one fourth of the trips are conducted at the morning peak hour between 07:00-09:00 and 
about one third of the trips are conducted during the afternoon peak hour between 15:00-16:00. As 
expected, the trip departures and arrivals during the afternoon peak hour are spread over a greater time 
period in comparison with the morning peak hour. Most of the trips are local, as 66.8% of the trips are 15 
minutes or less.  
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 a. Trip departure and arrival times  b. Trip duration 
Figure 5: The distribution of trip departure/arrival times and their duration 
 
Table 10 details the trips by their origins and destinations. As expected in agreement with the sample 
residential distribution, 52.9% of the trips are conducted within Copenhagen municipality and Copenhagen 
county, which surrounds the metropolitan core. Also, it seems that most trips are short or medium distance 
trips or peripheral trips and there are not many radial trips from the suburbs to the metropolitan core.   
This result is in line with the trip duration that also shows that most trips are local trips.  
 
Table 10: The distribution of trip origin and destination 
 Copenhagen Copenhagen county  Fredriksberg Other Total 
Copenhagen  28.7 4.3 1.9 1.7 36.6 
Copenhagen county 4.3 24.2 0.5 2.6 31.6 
Fredriksberg 1.9 0.5 4.2 0.1 6.8 
Other 1.8 2.5 0.2 20.5 25.0 
Total 36.6 31.6 6.8 25.0 100.0 
 
39.4% of the trips are home returning trips, i.e. the final trip in a tour going from a non-home 
destination to home. For the remaining trips, 44.3% of the trips are conducted for mandatory activities (i.e., 
work, education and day care), 35.5% of the trips are conducted for maintenance (i.e., shopping, personal 
errands and escorting other household members), and 20.1% of the trips are for leisure activities. Table 11 
presents the share of trips (including trips for returning home) by purpose and daily period. As expected, 
most mandatory trips (i.e., commuting, education and day care) are conducted during morning peak hour, 
while maintenance activities for shopping and errands are mainly conducted during non-peak hours. Trips 
for shopping and errands split between the middle of the day (09:00-15:00) and the evening (after 18:00), 
possibly due to reasons of the opening hours, since services (e.g., banks, medical care and personal care) 
are open only until early afternoon. 
 
Table 11: Share of trips by purpose and time period 
Trip purpose 07:00:09:00 09:00-15:00 15:00-18:00 18:00-07:00 Total 
Workplace 66.8 12.7 17.4 3.1 100.0 
Business/ work  28.4 52.1 15.4 4.1 100.0 
Education 85.4 9.2 2.8 2.6 100.0 
Day care/ youth club 58.0 34.7 3.1 4.2 100.0 
Shopping and errands 5.9 48.7 7.4 37.9 100.0 
Leisure 5.5 30.2 23.2 41.1 100.0 
Escorting  35.6 17.5 8.4 38.6 100.0 
Returning Home  3.4 23.0 22.6 50.9 100.0 
 
The vast majority of trips (88.6%) was conducted by a single mode, and another 7.4% of the trips were 
conducted by two modes.  Trips with more than two modes are relatively rare, although possible in certain 
occasions. The most common transport modes are the car (38.5%), the bicycle (30.2%) and walk (18.7%), 
while only 9.6% use public transport. 58.6% of the respondents who have secondary transport mode walk, 
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18.8% use public transport, 16.5% cycle, 4.7% use the car, and 1.4% use other transport modes. The highest 
share of public transport use (about 20%) is among teenagers and young adults in their twenties and 
sharply drops for adults in their thirties. The share of bicycle trips is the highest for children between the 
age of 6 and 17 (approximately 40%) and gradually decreases with age to 20% for people in their sixties. 
The share of walking trips is highest for young children 27.0%, decreases with age to 9.0% at the age of 60, 
and increases again to 15.3% for respondents over 70 years of age. 
Table 12 presents the share of trips by mode and activity purpose. The main modes for commuting 
trips are the car (46.9%) and the bicycle (32.4%). The car is the dominant mode across trip purposes, apart 
for education for which the bicycle is by far the dominant mode. This trend is in agreement with the trend 
observed for age since the highest share of bicycle users is observed among teenagers and young adults. 
The share of trips conducted by public transport is lower than the share of bicycle trips and is less than 10% 
for leisure, errands and work-related trips. Walk trips have a significant share for education, errands and 
leisure. Work-related and business trips have a significant share (31.4%) of other modes (e.g., heavy 
vehicles, air and naval modes). 
 
Table 12: The share of trips by transport mode and trip purpose 
Trip purpose Car Public 
Transport 
Bicycle Walk Other or 
unknown 
Grand 
Total 
Workplace 46.9 15.2 32.4 2.7 2.7 100.0 
Work-related/ business 43.2 7.1 11.2 3.0 35.6 100.0 
Education 18.6 14.2 44.9 18.4 3.9 100.0 
Errands 46.3 5.9 24.7 20.8 2.3 100.0 
Leisure 37.1 8.5 29.9 21.2 3.2 100.0 
 
3.4 Household joint activities and travel patterns   
 
An essential step for understanding the household coordination and the notion of the primary family 
priority time consists of investigating the activity pattern of the individual members at the household level. 
In order to illustrate the complexity within the household some examples are shown in Figure 6 for four 
family types: Young couple in their twenties, a married couple with children, a single-parent household, and 
a couple in their forties without children. The households were randomly selected from their respective 
household types. The figure illustrates the coordination required at a household level (mainly among the 
parents) and the constraints of the parents formed by the kids. It also shows the joined trips and activities 
among the household members.  
Each spouse of the young couple has a mandatory daily tour – one for work and one for studying, 
possibly in a university. The two spouses leave home roughly at the same hour, and return in different daily 
periods, hence they do not travel together. They meet at home only around 17:30 in the afternoon, after 
the working spouse has performed a personal errand.  
As expected, the married couple with children has the most complicated activity and travel patterns of 
all the household types, since the two parents share the responsibility of escorting their children. The 
mother works half a day in the morning while the father works at night. Hence, in the morning the mother 
goes immediately to work, while the father escorts the younger child to school while the older child, who is 
10 years old goes to school alone. The father returns home to sleep immediately after bringing the child to 
school.  In the afternoon, the father picks up the younger child, while the older child returns home by 
himself. After returning home, the older child and the mother travel together for a combination of personal 
errands (e.g., doctor's appointment, shopping) followed by a joint leisure activity in which the child and his 
mother have quality time together. When they return to the home, the mother works from home at some 
point during the evening (the precise time is not known). In the evening, the father escorts the two children 
to a leisure activity in which only the children participate and the father waits for them (e.g., soccer game 
or a ballet class), and it is likely that the mother uses this time interval to work at home. Then the family 
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spends time together at home starting from 19:00 and until the father needs to go to work. This is a good 
example of a family that prioritizes the family togetherness both in in-home and out-of-home activities.  
In the single-parent household, the mother stays at home in the morning, while the children go to 
school at the same hour, although they do not seem to travel together. Then, at noon, the mother has a 
joint tour with her youngest child (who have already returned home from school), where they pick up the 
oldest child, and together, all of them are having an escort trip. The mom’s main occupation is studying, 
and it seems like she is bringing her kids along, possibly because they cannot be at home alone and she 
cannot afford day-care. This is most likely an unusual family pattern. 
The couple in their forties has a different daily arrangement. One spouse chooses to stay home the 
whole day, while the other travels to work. As in the case of the young couple, the spouse who travels to 
work also conducts some personal errands. The working spouse returns roughly at 18:00 in order to have a 
family quality time.  
Notably for all the household types, the entire household is at home early in the evening possibly for 
dinner. Nevertheless, the hour in which the household members gather differs across the households, 
because the households with children have the gathering roughly 1-2 hours later.  
 
 
a. Two-persons young household  
 
a. A married couple with children 
 
c. Single parent with children  
 
d. Two person household without children 
 
Figure 6: activity pattern of a single household 
 
3.4.1 Tour level analysis 
The share of joint versus solo tours by income groups is depicted in figure 7. For mandatory tours, is seems 
that the share of solo and joint tours is rather steady across income categories with slight fluctuations. This 
is reasonable since mandatory tours are mainly for work and education, which are conducted typically as 
solo tours. However, for non-mandatory tours, there is a clear trend of having less solo tours and more fully 
joint tours in middle income categories, while there are more solo tours for very low and very high income 
households. This is possibly related to the car ownership car allocation within the household, as well as to 
the nature of the activity pattern. 
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        a. Mandatory tours     b. Non-mandatory tours 
Figure 7: The share of joint and solo tours by household income (in thousands DKK) 
 
The share of joint versus solo tours by household size (for households with multiple members) for 
mandatory tours (i.e., work, education) and non-mandatory tours is provided in table 13 below. For 
mandatory tours, with the increase in the number of household members the number of solo tours 
decreases sharply and the number of partially and fully joint tours mildly increases. For non-mandatory 
tours, the share of solo tours decreases with the increase in household size, while the share of partially 
joint tours increases with household size, and the number of fully joint tours is the highest in three-member 
households. Namely, in two-person households, in which most likely there are two adults, there is a 
tendency to conduct the non-mandatory trips individually, possibly to save time or due to a different social 
activities. When children are involved there is a higher tendency to conduct joint trips and activities. 
Notably, when there is only one child there is a higher tendency for fully joint tours since the child 
accompanies the parents, however, when there are several children in different ages, the fully joint tours 
are replaced by escort tours of children to their activities. 
 
Table 13: The share of joint and solo tours by household size (number of persons) 
 Mandatory tours Non-mandatory tours 
Two 
household 
members  
Three 
household 
members 
Four or 
more 
household 
members 
Two 
household 
members  
Three 
household 
members 
Four or 
more 
household 
members 
Fully joint tour 14.3 22.1 31.7 40.2 50.8 32.7 
Partially joint tour 22.8 23.9 29.7 25.5 24.3 51.7 
Solo tour 62.9 54.0 38.7 34.2 24.9 15.6 
 100.0 100.0 100.0 100.0 100.0 100.0 
 
The share of joint versus solo tours by car ownership for mandatory tours and non-mandatory tours is 
provided in table 14 below. The decision to conduct a partially or fully joint tour is related to car ownership. 
For mandatory tours, the share of solo tours decreases dramatically with car ownership, in favour of an 
almost even split between partially and fully joint tour. For non-mandatory tours, with the increase in car 
ownership the share of solo tours decreases dramatically and the share of fully joint tours sharply 
increases. The share of partially joint tours remains almost the same, although there is a slight increase 
with car ownership.  
 
Table 14: The share of joint and solo tours by car ownership 
 Mandatory tours Non-mandatory tours 
 
No cars One car 
Two cars 
or more No car One car 
Two cars 
or more 
Fully joint tour 22.3 26.4 25.6 36.6 45.4 42.0 
Partially joint tour 21.9 28.1 26.3 20.4 22.5 23.5 
Solo tour 55.8 45.5 48.0 43.0 32.1 34.5 
 100.0 100.0 100.0 100.0 100.0 100.0 
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Table 15 details fully joint, partially joint and solo tours by daily period. During morning peak hours, 
most tours are either solo tours or partially joint tours. During midday the tours are split between fully joint 
tours and solo tours. During the afternoon peak hour, more than half of the tours are fully joint tours and 
less than a third of the tours are conducted alone. During evening hours more than half of the trips are 
conducted alone and there are more fully joint tours than partially joint tours.   
65.2% of the partially joint tours are conducted during morning peak hours, which is reasonable since 
these are mainly escort tours. On the fully joint tours, 42.7% depart during the morning peak hours, while 
20.4% depart during midday and another 25.9% is conducted during afternoon peak hours. Only 10.8% of 
the solo tours are conducted during the afternoon peak hours. 
Table 16 presents the share of tours by tour type, tour duration (including the activity duration) and 
purpose. The tours for the purpose of work and school are naturally long tours due to the length of the 
activity, regardless of the number of participants (i.e. joint or solo). More than a third of the partially joint 
tours are relatively short (less than 30 minutes) and 57.7% of these trips take less than an hour. Almost half 
of the joint tours are relatively long, as 72.6% have a duration of at least one hour and 44.2% of the tours 
are more than three hours long. Solo tours are rather evenly distributed with respect to their duration. 
 
Table 15: The share of tours by tour type and daily period 
Tour type AM Peak hour 
(07:00-09:00) 
Midday off-peak 
09:00-15:00 
PM peak-hour 
(15:00-18:00) 
Evening 
(after 18:00) 
Fully joint tour 27.9 37.5 52.7 24.8 
Partially joint tour 31.8 14.9 19.5 18.5 
Solo tour 40.4 47.6 27.9 56.5 
Grand Total 100.0 100.0 100.0 100.0 
 
Table 16: The share of tours by tour type, purpose and duration  
 0-30 minutes 31-60 
minutes 
61-120 
minutes 
121-180 
minutes 
>180 
minutes 
Total 
Work or school       
Fully joint tours 0.8 0.8 0.8 3.7 93.8 100.0 
Partially joint tour 0.4 0.4 0.2 0.9 98.1 100.0 
Solo tour 1.8 1.1 1.4 2.0 93.8 100.0 
Other purposes       
Fully joint tour 11.9 15.5 17.0 11.4 44.2 100.0 
Partially joint tour 35.0 22.7 11.0 6.5 24.9 100.0 
Solo tour 21.0 18.1 23.5 17.7 19.7 100.0 
 
3.4.2 Trip level analysis  
In terms of the trip participants, 88.0% of the trips are conducted solely by household members, while non-
household members join the trip in 12.0% of the trips. The share of trips by participating individuals is 
detailed in table 17. 62.5% are solo trips. The most common trips are performed by a single adult (46.1%), 
an adult with one child (16.9%) and a single child alone (16.4%). 
 
Table 17: The share of trips by participating individuals 
Adults/ children None One Two or more Total 
None 0.0 16.4 2.4 18.7 
One 46.1 16.9 9.4 72.3 
Two 5.1 2.2 1.6 8.9 
Three of more 0.1 0.0 0.0 0.1 
Total 51.3 35.4 13.3 100.0 
 
The share of joint trips by participating individuals and the trip type is provided in table 18. Over 90% 
of the joint trips include joint activities, and this result is rather stable across trip participant categories (i.e., 
2 adults, 2 adults with children, etc.)  
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Table 18: The share of joint trips by participating individuals 
Trip type 2 adults 2 adults with 
children 
Female with 
children 
Male with 
Children 
Other 
Joint activities  92.9 98.6 93.8 93.0 92.9 
Solo activities with Joint travel  7.1 1.4 6.2 7.0 7.1 
 
The share of trips by participating individuals and purpose is detailed in table 19. Mandatory trips for 
adults are mostly conducted as solo trips, while the parents share equal responsibility for bringing children 
to day care facilities and schools. Usually, the escort activities are conducted by a single parent rather than 
by both parents. Naturally, the need for parental escort decreases with the child age, so while 56.8% of the 
children in day care are escorted by an adult to/from the day care facility, only 27.4% of the children in 
school are escorted by an adult to/from school. The parents seem also to split the responsibility regarding 
leisure activities with children, as only 5.6% of the leisure activities are conducted with two adults present, 
and in 20.2% of the leisure trips only one adult is present. Notably, two thirds of the leisure trips are 
conducted either alone or with non-household members. Trips with non-family members are also common 
to/from day care facilities, and for business trips. While 60% of the trips for shopping and errands are 
conducted alone, some such maintenance trips are conducted with other family members, although such 
trips are rarely conducted by the male adult with the children.  
 
Table 19: The share of trips by participating individuals and by trip purpose  
Trip purpose 2 adults 2 adults 
with 
children 
Female 
with 
children 
Male with 
Children 
Solo Other Total 
Workplace 4.0 0.0 1.5 0.7 90.3 3.5 100.0 
Business/ work  0.0 0.0 0.0 0.0 82.8 17.2 100.0 
Education 0.8 0.8 14.8 12.6 51.2 19.8 100.0 
Day care/ youth club 0.0 3.1 31.9 24.9 14.6 25.5 100.0 
Shopping/ errands 9.0 9.4 12.3 4.0 58.7 6.5 100.0 
Leisure 10.0 5.6 11.5 8.7 44.0 20.3 100.0 
Escorting  4.1 4.5 32.9 22.1 32.5 3.9 100.0 
Returning home 5.4 3.8 16.9 10.6 54.8 8.6 100.0 
 
The share of trips by participating individuals and departure time is detailed in table 20. Most of the 
trips by a single adult with children take place during peak-hours, possibly due to chauffeuring activities. 
Trips involving a male adult with children rarely occur during the day between 09:00-15:00, possibly due to 
the task allocation between the male and female spouse within the household. For trips involving two 
adults (either with or without children) is rather low, the share of morning peak hour trips is the lowest and 
the share of afternoon peak hour trips is the highest. When children are involved in the trips, a higher share 
of trips is conducted during the day and fewer trips occur in the evening. A higher share of trips with non-
household members occurs during daily off-peak hours rather than during the evening. 
 
Table 20: The share of trips by participating individuals and by departure time 
Departure time 2 adults 2 adults 
with 
children 
Female 
with 
children 
Male with 
Children 
Solo Other 
07:00-09:00 14.1 13.1 29.1 36.0 25.5 22.8 
09:00-15:00 29.2 30.2 17.4 7.4 27.0 33.8 
15:00-18:00 32.2 39.5 42.4 40.9 30.8 26.9 
18:00-07:00 24.4 17.2 11.2 15.8 16.7 16.5 
Total 100.0 100.0 100.0 100.0 100.0 100.0 
 
Table 21 presents the share of escorting trips by household size. The difference across household 
group size is significant at the 0.05 percent level. Notably, even a small share (4.9%) of single-person 
households engage in a joint travel escorting activity, possibly with elderly parents, friends or as part of a 
non-married couple. Naturally, the share of households that perform a higher number of escorting trips 
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increases with the household size. Notably, 23.3% of the households with four-people or more have three 
or more daily escorting trips.  
 
Table 21: The share of escorting trips by number of escorting trips and household size 
Number of daily 
escorting trips 
Single person 
household 
Two-persons 
household 
Three-persons 
household 
Four-persons 
household or larger 
0 95.1 80.8 57.4 37.4 
1 4.9 8.4 13.9 18.2 
2 0.0 7.9 17.2 21.1 
3 0.0 1.4 7.7 8.3 
4 or more 0.0 1.4 3.8 15.0 
Total 100 100 100 100 
 
4 The COMPAS model 
 
The proposed modelling approach for the COMPAS (Copenhagen Model for Passenger Activity Scheduling) 
model is based on the utilitarian approach, where each individual plans and executes daily activities by 
maximising his/her personal utility within the choice set and on different levels. A novelty here is an a priori 
assumption that family, or household (HH), puts time constraints on its members, so that the person day 
activity/travel demand has to be modelled as a function of HH characteristics. This is done by modelling 
periods of the day where HH members spend time together at home - we call that Primary Family Priority 
Time, and periods of the day where HH members are together on tour, e.g. escorting a child to school - we 
call that Secondary Family Priority Time. That is to say that the HH plays a role when action regarding e.g. 
who will escort the child to school tomorrow, has to be put into the daily schedule. However, it is the HH 
members that plan and execute day activities for the good of the HH, but also for their own sake (say 
playing tennis once a week) – in that way they maximise their own and the family overall activity pattern 
utility on a daily level. 
The COMPAS model includes three main model-packages: a) Longer term models, b) Day scheduling 
models, and c) Models for the tour and trip. Vuk (2011) and Vuk and Bowman (2012) provide a detailed 
description of the model structure and specification. In the first package we model work/school location for 
each HH-member, HH car ownership, as well as person transit pass ownership. In the second part we model 
HH time constraints upon its members, person main activity of the day, person full activity pattern of the 
day, person joint activities with other HH-members, and choice of working at home. Finally, for the each 
activity which demands travel, tours and trips are modelled taking into account modal split, choice of 
destination, and choice of time-of-day travel. 
The core of the COMPAS model is the Day scheduling models. The reason for that is the notion of the 
activity based models saying that demand for travel is derived from the demand for activity participation, 
i.e. first when we know how a person plan and execute his/her activities we can model his/her travel 
demand. Based on that we need information on the person’s family background, as well as his/her 
socioeconomic background (e.g. education level, job type).  
In order to succeed in the complex task of estimating Day scheduling models for the HH-members it is 
important to obtain data regarding the characteristics of joint activities and travel (location, departure and 
arrival time, mode, etc.). For instance, if a parent states in his/her diary that he/she had a joint car trip with 
the child, the correct time window and place within a certain margin should appear in the child’s trip diary. 
Typically, because of reporting inconsistencies across household members, which may occur in large-scale 
activity-travel surveys, restrictive criteria are employed for identifying joint activities and trips (Kang and 
Scott, 2011). To overcome some of the inconsistencies, in the current survey each household member 
indicated if the trip was a solo or a joint trip and with whom of the other household members they 
conducted the trip.  This method enabled to decrease the under-reporting level and to increase the 
accuracy of the identification of joint trips.   
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5 Conclusions  
 
The analysis, focusing on the household interactions and joint travel as an essential step towards estimating 
the activity-based model for the Copenhagen area, is unique in a Danish context. The analysis shows the 
importance of collecting data at the household level due to the large share of joint trips and shared 
activities within Danish household. In addition, it reveals the main role of everyday life coordination and 
interaction in Danish households on the travel patterns of family members. The results of the current study 
show that the survey clearly meets the requirements of the activity-based modelling approach and shows 
the importance of intra-household social interactions in the household’s activity and travel patterns.  
Firstly, “primary family priority time” constrains the activity and travel patterns of the household by 
setting an hour in which all or some of the household members are at home. In fact, in the current sample, 
75% of the respondents are home between 19:00-24:00, which means that most household members need 
to plan their travel and activity pattern for returning home at 19:00.   
Secondly, household members engage in joint activities, resulting in fully joint tours. In houses where 
there are two spouses, they usually share the responsibility of joint activities with the children since most 
of the joint trips are conducted by one of the parents and the children. According to the results of the 
current study, the woman is dominant spouse in performing joint activities with the children.   
Thirdly, household members engage in joint travel also in the case that the household members do not 
engage in the same activities. Hence the activity and travel patterns of some household members are 
related to and constrained by the activity and travel patterns of other household members. Hence, a 
significant share of the households engages in partially joint tours and escorting trips. The escorting 
activities dramatically increase with household size, which indicates that most of the escorting interactions 
are between parents and children.  
Last, intra-household interactions are strongly related to household characteristics and to the tour and 
trip attributes. In particular, car ownership, income and household size significantly affect the tendency to 
perform partially and fully joint trips. In addition, trip purpose and departure time are also related to the 
decision to engage in joint versus solo tours.  
The results obtained in the current study have an important meaning with respect to modelling the 
social interactions in the activity and travel patterns of the household, since such interactions can be 
explained and modelled as a function of the household and the tour characteristics.  
There are two main research directions in which future household surveys could be improved. Firstly, 
the current study largely followed the structure of the national travel survey, by collecting information 
about observed socioeconomic characteristics. Additional information that could improve the model 
estimation is related to the inclusion of attitudinal constructs such as attitudinal constructs that are related 
to the relational and affective value of trips, namely to the manner in which joint trips contribute to 
enhance the family relationships, and parental attitudes regarding travel independence (Sigurdardottir et 
al.,  2014). Secondly, the one-day survey was designed within the budget constraints of the ACTUM project. 
A multi-day survey would provide a more comprehensive overview of non-mandatory activities that are 
conducted with lower frequency such as shopping and leisure activities. Nevertheless, the survey results 
show that not only does the one-day survey gives a good representation of mandatory activities, but we 
have very good information regarding joint activities for non-mandatory purposes as well. Moreover, 
because the response rate decreases with the length of the survey, a multi-day survey would probably 
result in a much lower response rate.  Because the survey is the first of its kind in Denmark, the further 
development of the research based on a multi-day survey looks promising. 
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